Introduction
NGC 5749 (C1445-543) is a poorly populated open cluster with little central concentration located at I = 319)5 and b = 4°5, near the south-western edge of the Lupus constellation. Lynga (1964a,b) carried out a photometric study (in three colors) of 15 bright stars in the field of NGC 5749, deriving a color ex cess Eb-v = 0.35 and a distance of 0.9 kpc. The most thor ough study published is by Claria and Lapasset (1992, hereafter CL) , who got photoelectric UBV data of 112 stars brighter than V = 14.4, located within about 15' from the assumed cluster center. Their color-color diagram suggests possible variable red dening among the cluster members with an average excess of Eb-v = 0.42 ± 0.04, a distance of 1280 ± 118 pc, and an age of 2.7 x 107 yr.
Studies of interstellar polarization are important for two rea sons: they provide information on the dust itself and a means to trace the galactic magnetic field. Comparison of polarization and extinction data in the same lines of the sight provides tests for models of extinction and alignment of the grains. As they are thought to align so that their longest axes tend to become orthogonal to the direction of the local magnetic field, the ob served polarization vectors map the mean field direction pro jected on the plane of the sky. This allows us to investigate individual: NGC 5749 the structure of both the macroscopic field in our Galaxy (Mathewson & Ford 1970; Axon & Ellis 1976 ) and the local field associated with the individual clouds (Goodman et al. 1990) .
The polarimetric technique is a very useful tool to obtain sig nificant information (magnetic field direction, Amax, Pmax, etc.) from the dust located in front of a luminous object. In particular, young open clusters are very good candidates to carry out po larimetric observations because previous photometric and spec troscopic studies of these clusters have provided detailed infor mation on the color and luminosity of the main sequence stars of the cluster. Thus, we can compute the physical parameters of the clusters (age, distance, extinction, membership, etc.) and then, with the polarimetric data, we can study the location, size, and efficiency of the dust grains to polarize the starlight and the dif ferent directions of the galactic magnetic field in the line of sight to the cluster. As the open clusters are also spread within an area, the evolution of the physical parameters of the dust all over the region can be analyzed. Additionally, the polarimetry data can be used as a powerful criterion for determining the membership in a galactic cluster (e.g., Feinstein et al. 2003a ) and for detect ing the location of an energetic phenomenon that occurred in the history of a cluster (Feinstein et al. 2003b) For some years now, we have been carrying out systematic polarimetric observations in a large number of galactic open clusters. The aim of this survey is to provide clues about the characteristics of the dust responsible for the extinction and po larization in the light from cluster members, about its spatial dis tribution, and also about possible memberships. Following our ongoing program, we have performed polarimetry in the open cluster NGC 5749. In this paper we report the results of the mul ticolor (UBVRI) measurements of polarization in NGC 5749. We studied the characteristics (Pmax, 4max, polarization efficiency, etc.) of the dust located along the line of sight towards the region where the cluster is situated. In the next sections, we will discuss the observations in the region, the data calibrations, and the re sults of both the individual stars and the cluster as a whole.
Observations and data reduction
Data on linear optical polarimetry were obtained during two observing runs at the Complejo Astronomico El Leoncito (CASLEO) in San Juan, Argentina, in 2003 (April 29 to May 5 and August 29 to September 2). The observations were car ried out using the Torino five-channel photopolarimeter (Scaltriti 1994) attached to the 2.15-m telescope. Each star was observed simultaneously through the Johnson-Cousins broad band UBVRI filters (Atfeff = 0.360 //m , ABeff = 0.440 //m, AVeff = 0.530 //m, 'Ifieff = 0.690 jum, A/eff = 0.830 /mi). Standard stars for null po larization and for the zero point of the polarization position angle were observed several times each night for calibration purposes. Each observation in each filter was corrected for sky polariza tion and calibrated in the angle in the equatorial system with the proper correction obtained by the data of the angle standards. No correction was done by intrinsic polarization because it was found to be insignificant in the observations of null polarization stars. For further information on the instrument, data acquisition, and data reduction, see Scaltriti (1994) .
The polarimetric observations are listed in Table 1 , which shows, in self explanatory format, the stellar identification as given by CL, the polarization percentage average (P.i), and the position angle of the electric vector (0A) through each filter, along with their respective mean errors computed as described by Maronna et al. (1992) . Since the Torino photopolarimeter collects photons simultaneously in all the filters ( UBVRI), the final data from each filter may be of different quality, especially those in the C-band. Therefore, observations with values below 3<r error level were ruled out and are not included in Table 1 .
According to the photometric membership criteria from Claria & Lapasset (1986) , 18 of the 31 stars reported in this paper are cluster members, one (#69) being a probable member, and 12 stars, nonmembers.
Results
The sky projection of the V-band polarization vectors for the ob served stars in NGC 5749 are shown in Fig. 1 . The dot-dashed line superimposed on the figure is the galactic parallel b = 4°45 denoting the close alignment of the polarization vectors with the projection of the Galactic Plane. This indicates that the dust along the line of sight is aligned by a magnetic field also close to the direction of the Galactic Disk. This result means that the dust layer responsible for the observed polarization is located in a rather undisturbed place in our Galaxy. Figure 2 displays the relation that exists between Pv and 0y ( the different symbols are the member and nonmember stars ac cording to CL). Whereas star #68 is a nonmember, stars 31 and 25 are probably located far away behind the cluster. This figure shows an interesting behavior: stars with larger percent values of polarization have a lower angle than stars with low polarization. Most objects with polarization larger than 1% (and a polariza tion angle 0 lower than 80°) are confirmed member stars (CL), while stars with polarization lower than 1% (and 0 > 80°) are mostly nonmembers.
This result may also be displayed by the plotting of the run of the polarization vector P through its components in the equa torial system (the Stokes parameters Q and U). The plot ( dust, for both the member and nonmember stars (located behind the dust layer). In the case that a nonmember object is in front of the cloud, this star will not have the same polarimetric properties as those stars located behind the dust cloud. For example, if there are two dust layers, the cluster stars and the nonmember stars be hind both clouds will show the same polarimetric properties, but some of the nonmembers stars are likely to be located between both clouds. These stars will show polarimetric characteristics of one cloud only (the one closer to the observer). Therefore, their observations would show different properties than the data from the stars located behind the two dust layers. So, the polarimetric observations could be used as a hard criterion of membership. Also, the combination of both dust layers could lead to an in crease in the polarization or in a depolarization depending on the orientation of the dust grains between both dust clouds. This kind of analysis has been successfully applied by Feinstein et al. (2003b) , Orsatti et al. (2003), and Martinez et al. (2004) (#39, 56, 61, 62, 102, 111) is so similar in the Q -U space that its weight average is Q = -0.64 ± 0.12, U = 0.11 ± 0.2, (P = 0.65% , 0 = 84.8°). If stars #9, 82, and 104 are considered members of this group, the weight average is Q = -0.63 ± 0.14, U = 0.10 ± 0.27 (P = 0.64%, 0 = 85.5°). These values are low compared to the other stars observed in the region, and clearly lower than the confirmed cluster members.
It is important to notice that these stars, which have simi lar polarimetric parameters, are randomly located over the clus ter (see Fig. 1 ); for example, star #111 (HD129896) is the most northwestern observed object, #56 is at the north, stars #39,#82 are close to the core, and star #9 is the most southeastern ob served star. This spatial distribution shows that the cloud produc ing this polarization covers the whole cluster. By the use of the photometry of CL, and the Q parameter (Schmidt-Kaier 1982), the distance for these stars ranges from 300 pcs (#31 and #61) to 700 pcs for #39 (HD 130244) and #102. So, the first cloud, on the light of sight, is at least at 300 pc.
Therefore, we interpreted this clump of stars in the Q-U diagram as a clear indication of a local dust cloud (located in the sun neighborhood) for the following reason: most of these stars are randomly distributed over the cluster; they have some spread in distance (lower than the cluster) and most of them are considered nonmembers by CL (star #56 was classified by CL as a member). The other stars have larger polarization values, so, they are behind another dust cloud.
In Fig. 3 , the line running from the origin of the coordinates (2 = 0, U = 0, which represents the dustless solar neighbor hood) to any other point would indicate the direction of the po larizing vector P = \/(22 + U2 as seen from the sun. This figure clearly illustrates our interpretation: the observed stars over the region segregate into groups, the nearby nonmembers, nonmem bers with polarization values close to the cluster, members of the cluster, and stars behind the cluster. The solid lines represent the changing direction of the vector P connecting the mean (Q, U) values for the groups. A change in direction of vector P can be seen between the nonmember and the member stars, indicating different polarimetric characteristics in the dust causing the po larization. The first group, located near a point representing the solar neighborhood, has low polarization (less than 1%) and the polarization vector direction given by 0V = 84°. This polarization is produced by a nearby dust cloud. The other group is composed of stars that are mostly accepted as cluster members (CL), and characterized by higher values of polarization (above 1 %) and a lower angle (0 < 80°). We also observed a slight change in the direction of vector P inside the cluster, probably due to an intracluster dust component.
Cluster membership
We analyzed the membership of our 31 star sample based on the polarimetric data collected. The nearby clump of stars pre viously discussed includes 6 stars (#39, 61, 62, 82, 102, 111) considered nonmembers and 3 that are considered members (#9, 56, 104) by CL. Yet, the low polarization of these last 3 stars provides evidence for claiming that such stars are probably non members. Unless there is some depolarization effect by another polarization component (e.g. intrinsic to the star), they are not located behind the same dust layers as the cluster stars are. The membership of these stars is more thoroughly analyzed in the next section. Fig-4 . Remake of the color-color diagram for the cluster. Circles are stars that we now considered as members, while triangles are stars considered nonmembers because of the polarimetric observations. The dashed line is the unreddened main sequence and the full line is the red dening line. The polarization criteria proved very efficient for cleaning the main sequence of field stars.
The cluster itself can be described with the following polari metric parameters, P > 1% and 0 < 80°. The objects selected with these criteria consist of 19 stars, 15 of which are consid ered members (#13,15,22,23,26, 38,40, 63, 69,70,72,75,77, 92, 107) , and 4 are considered nonmember stars (#28, 46, 93, 110) by CL. The last 4 stars have similar polarization values to the member stars; according to the photometric data (CL) these objects are evolved red stars located between 900 and 1000 pcs from the Sun. Consequently, these stars are probably close, in the line of sight, to the cluster suffering the same extinction; however, they are nonmember field stars. Therefore, this group comprises cluster stars and stars located near the cluster. This interpretation may be also checked by plotting the color-color diagram (Fig. 4 ) using CL's data, but displaying the stars ac cording to our polarimetric classification in the two groups: the low polarization group and the cluster stars. The plot displays a sharper main sequence and shows that stars #9, 56, and 104, are very probably field stars, so these objects are nonmembers.
In Figs. 2 and 3 there are three stars that do not belong to the cluster or to the group of nearby stars -namely, stars #25, 31, and 68 (considered nonmembers by CL). The last two stars (#31 and 68) have high polarization values (2.76% and 2.32%, respectively), but in this case they can be interpreted as two stars located behind the cluster. In particular, for star #68, if we calcu late the Q parameter (Schmidt-Kaier 1982), with the color index (B -V) and (U-B) from the data of CL, we obtain a B8111 spec tral type. Based on this, the star is located close to 2270 pc, with an E(b_V) = 0.68. However, the polarization angle (By = 35°.5, see Table 1 ) is different if compared to the values of the other stars. This can be the result of the multi-layered composition of dust with different orientations along the line of sight. In the next section this particular star will be discussed in larger detail. As far as star #31 is concerned, it is a nonmember red star (CL).
According to its polarization angle, star #25 belongs to the cluster group and it is a member star (CL), though it has high polarization (2.7%) compared to the values of the other mem bers, and its polarization value and angle are similar to those of star #31. However, this star is a red nonmember, located be hind the cluster. Both stars (#25 and #31) are very closely pro jected in the sky plane (see Fig. 1 ) and are probably polarized by the same intracluster dust layer. All these examples show how polarimetry can be used to test cluster membership, particularly in those cases in which field stars have colors similar to those of the cluster members. In the case of NGC 5749, a polarimetric criterion to determine membership renders an excellent result.
Analysis and discussion
To analyze the data, the polarimetric observations in the five fil ters were fitted in each star using Serkowski's law of interstellar polarization (Serkowski 1973) . That is:
Pa/Pamax = e-^-PP.
(1)
We assume that, if polarization is produced by aligned interstel lar normal dust particles, then the observed data (in terms of wavelength, UBVR/'i will follow Eq. (1) and each star will have P^ and Amax values.
To perform the fitting we adopted K = 1.66Amax + 0.01 (Whittet et al. 1992) . For each star we also computed the a\ pa rameter (the unit weight error of the fit) in order to quantify the departure of our data from the "theoretical curve" of Serkowski's law. In our scheme, when a star shows a\ > 1.5, it is indicating the presence of intrinsic stellar polarization. The Amax values can be used to test the origin of the polarization. In fact, those ob jects having Amax lower than the average value of the interstel lar medium (0.545 //m, Serkowski et al. 1975 ) are candidates to have an intrinsic component of polarization as well (cf. Orsatti et al. 1998) . Another criterion to detect intrinsic stellar polar ization involves computing the dispersion of the position angle for each star normalized by the average of the position angle er rors (e). The values obtained for P^, the a\ parameter, Amax, and e together with the identification of stars are listed in Table 2 .
According to the values of the a\ parameter, which estimates how suitable Serkowski's law is when fitted to the observations, we can see that the data of NGC 5749 is well fitted (see Table 2 ). In all cases, the value of a\ is smaller than 1.5 for the confirmed members of the cluster. Only three stars (#13, 63, 75) are likely to have an intrinsic component of polarization; their data shows a rotation on the angles in four filters for star #13 (BVRI) and in three filters for star #63 (VRI). Besides, both stars have low polarization, this probably being an indicator that the light of these stars is being depolarized because of the combination of the intrinsic component and the dust component with different angles of the polarization vectors. In particular, the presence of intrinsic polarization in the light from star #75 causes a mis match between observations and Serkowski's curve fit. Star #62 displays a large a\ and e, but these values can be the result of the larger error involved in observations of that star. We suspect star #104 has an intrinsic polarization component because of the low polarization in all the filters, the fact that value of the B filter is larger than the V, and given that there is some dispersion of the angles of the data in all the different filters. But on the other hand the observations of this star are close to the 3a level.
The polarization efficiency of the dust towards NGC 5749 is estimated from the P^ vs. EB_V individual plots. Individual color excesses EB-v for the member stars are from CL. For some nonmember stars (as classified by CL), the EB_V was es timated from the photometry by calculating the Q parameter (Schmidt-Kaier 1982) . For example, star #92 has a high excess (0.46 mag, CL), and this value does not agree with its low polar ization (1.3%). But, according to its location in the C-C diagram there are two solutions. Taking into account that the star #92 is a member of the cluster (CL), the adequate solution would be that it belongs to an earlier spectral type (A0-1V). For this spectral type, the excess EB-v would be between 0.37-0.40 mag, so the star probably belongs to a less reddened group. Figure 5 displays P^ vs. EB_V-, the member and nonmem ber stars have been plotted using different symbols. Assuming normal interstellar material characterized by R = 3.2, the empir ical upper limit relation for the polarization efficiency given by P/tmax = R Av ~ 9EB_V (Serkowski et al. 1975 ). This relation is plotted and indeed, this line represents the maximum efficiency of polarization produced by the interstellar dust. Likewise, the line for P(%) = 3.5L'/¡-i-,1'x. also shown in Fig. 5 , represents a new estimate of the average efficiency made by Fosalba et al. (2002) . This plot (Fig. 5) shows that there is a group of objects with Eb_v < 0.2. These stars are #9, 39, 56, 61, 82, 102, and 104 , which further confirms that this clump of nearby stars, as clearly show by our polarimetric analysis, is a group of nonmem ber stars.
In the particular case of the open cluster NGC 5749, the fig ure indicates that the polarization efficiency appears to be con sistent with the average value observed in our Galaxy (Fosalba et al. 2002) . But it also shows some scattering in EB_V corre lated with . One possible explanation for this scattering in polarization and color excess could be that a dust layer is located inside the cluster, as suggested in Fig. 3 .
There is some other evidence of a dust cloud within NGC 5749 because CL have argued that the full width of their C-C diagram for stars with spectral type earlier than about A0V is 0.13 mag. This value exceeds the lower limit of 0.11 mag esti mates by Burki (1975) for clusters with differential reddening. Therefore, they conclude that the reddening across the clus ter is variable. Figure 5 also shows that the observed member stars split into two groups; one, with a range in color excess of 0.35-0.39 and an average polarization of 1.4%, and the other, more reddened, with a range in excess of approximately 0.42-0.48 mag, but its average polarization is of 2%, excluding stars #13, 63 and 69. We have excluded these stars from the statistics because they are likely to have an intrinsic component of polar ization that explains their low polarizations. Hence, this first stel lar group inside the cluster is probably composed of "front-side" stars not suffering the internal extinction. So, the EB_V of this group is representative of a dust component located between the field stars and the cluster. Also, as shown in the previous section, star #25 (a member) and star #31 (a nonmember star located be hind the cluster) have the same high polarization, and both stars are very close in projection on the sky. Therefore, these objects are polarized by the same dust cloud, which is probably located inside the cluster. Star #68, located at 2270 pc, has an EB_V = 0.68 and the polarization value is slightly lower than the value predicted by Fosalba et al. (2002) . Besides, its polarization angle (~35°5), very different from the cluster and from star #31 (which is also a background star), shows that there is a dust layer producing polarization with a different angle in comparison to the one pro duced by dust in front of NGC 5749 and star #31. Moreover, the final orientation of the polarimetric vector of star #68 is the composition of several dust layers; at least two of them had been identified in this work with the magnetic field in the direction of the Galactic plane, and a component behind the cluster in a very different direction. The resulting polarimetric vector is now in the direction of 0 = 35°5.
Summary
The analysis of the polarimetric measures in five bands of 31 stars in the region of the open cluster NGC 5749 shows mem bers and nonmembers with different polarimetric properties. In the nonmember group, some objects seem to be nearby stars, but others are close to the cluster. This result has led to the conclu sion that the light from the cluster stars is affected by several dust clouds on its way to the Sun. First, we have a dust compo nent located as far as 300 pc from the Sun, behind this layer, the nearby field stars display a polarization of Py = 0.65%, with an angle of 0 = 83°, while the other component is lying between these stars and the cluster. This second dust component is reponsible for approximately 1% of the total polarization of the cluster (Pv = 1.7% and the angle 0 = 74°). Therefore, both dust layers are producing polarization with a difference in angle of approximately 10°, showing a slight change in the orientation of the magnetic field in front of and behind the nearby field stars.
The polarization efficiency of NGC 5749 is consistent with the observed average in our galaxy, fn this region, we have been able to polarimetrically identify an intra-cluster dust component, noticeable in the observations of some member stars as well as of some nonmember stars located behind the cluster (#25 and 31) . The presence of dust inside the cluster causes scattering in the £#_v and in the measured polarization percentage; besides, it causes a slight change in the direction of the polarization vector, which is observed in the stars behind the cluster.
The different polarization data of star #68, located far away behind the cluster (approximately 2270 pc), shows that there is a dust layer producing polarization with a different angle (35°5) compared with the dust cloud in front of NGC 5749. The final orientation of the polarimetric vector of star #68 is the result of the composition of several dust layers, some of them with the magnetic field close to the direction of the Galactic Plane and others behind the cluster, with a different orientation. Once again, polarization has proved to be a good criterion for deter mining and confirming the membership of the stars of a clus ter. In this study, polarimetric data confirmed the membership of twelve (12) stars of the cluster and changed the membership data of six (6) stars.
